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Abstract 
This thesis project was performed in collaboration with Scania CV AB’s cab factory 
in Oskarshamn, Sweden, and the objective was to accomplish a product development 
process regarding a new assembly skid from an ergonomic perspective. A great 
number of aspects had to be noticed and evaluated, both regarding the process the 
skid is aiming to support and the product it concerns. The focus was the functions that 
are required and desired for a skid to find the optimal solution and consequently, 
solve the ergonomic problems.  
A research about the assemblers’ work and work situation was carried out to achieve 
an understanding for the common problems in this kind of environment. The overall 
results from questionnaires, interviews and observations showed that there are many 
opportunities to adapt the skid to the assemblers and consequently, avoiding the risk 
of work injuries, contribute to good working conditions and in the end influence the 
assembler to do a high-quality work. 
With information from our research, ergonomic product specifications were 
established and brainstorming was used to generate concepts aiming to meet these 
specifications. The concepts were then evaluated and ranked against different criteria, 
based both on customer needs and the authors’ opinions and competence. One of the 
main ergonomic problems was considered to be the entering/exiting of the cab during 
assembly work and therefore the work was focused on this issue. In order to assess 
which, in this context, is the most optimal height a usability test was performed 
aiming to study different kinds of stairs containing varying step heights. The test 
persons’ opinions were that the step most similar to a standard step height was the 
most comfortable one, but they all agreed on that this is not advantageous if it results 
in too many steps. 
Finally, the specifications and results from the studies were used to give 
recommendations for Scania, the further work with the skid and future ergonomic 
development processes. 
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Sammanfattning 
Examensarbetet har utförts i samarbete med Scanias hyttfabrik i Oskarshamn med 
syftet att genomföra en utvecklingsprocess rörande ett nytt monteringsstativ ur ett 
ergonomiskt perspektiv. När en lastbilshytts exteriör och interiör monteras står hytten 
på ett stativ medan den transporteras på en bana och detta examensarbete avsåg att 
finna stativets potentiella förbättringar och framtida egenskaper för att främja en 
optimal arbetsmiljö. Detta krävde att ett stort antal parametrar identifierades och 
utvärderades, både vad gäller produkten som stativet skall bära och själva 
produktionsprocessen som det ska stödja. Arbetet fokuserades på att identifiera 
nuvarande och framtida potentiella problem och att finna nödvändiga och önskvärda 
funktioner hos stativet för att erhålla lösningar på de ergonomiska dilemman som kan 
uppstå vid monteringsarbetet. Utvecklingen av ett nytt monteringsstativ innebar att 
försöka förbättra montörernas arbetsmiljö och samtidigt ta hänsyn till 
produktionsprocessen. 
Metoden som tillämpades för att driva utvecklingsarbetet härstammar från Ulrich & 
Eppingers Product Design and Development [1] och valdes för att systematiskt 
bearbeta problemet, genom att först urskilja och undersöka kundbehoven till att 
slutligen generera och testa produktkoncept.  
En litteraturstudie gjordes för att fördjupa våra kunskaper i ergonomi och speciellt 
vad gäller ergonomi inom monteringsarbete. Studien syftade till att begripa 
ergonomins påverkan på såväl montörens hälsa som företagets kvalitativa och 
ekonomiska utfall, samt få förståelse och erfarenhetsmässig kännedom om den 
komplexa process som implementering av ergonomi i en teknisk miljö innebär.  
Inledningsvis gjordes en ingående undersökning om montörernas arbete och deras 
arbetsmiljö för att få en inblick i de potentiella ergonomiska problem som existerar i 
en monteringsprocess. Bland annat innebar det att vi själva, med samma 
förutsättningar som montörerna, deltog i arbetet för att lära oss monteringsprocessen, 
få en känsla av de arbetsställningar som krävs och uppmärksamma stativets 
delaktighet i arbetet. Enkäter och intervjuer genomfördes med montörer i syfte att 
samla in åsikter och upplevelser om arbetsmiljön, olika arbetsställningar och stativets 
egenskaper. Den allmänna uppfattningen av undersökningarna var att det finns många 
möjligheter att anpassa stativet till montörerna och således undvika risken för 
arbetsskador, bidra till en bättre arbetsmiljö och slutligen påverka montören att göra 
ett hög-kvalitativt arbete.  
Med hjälp av den inhämtade informationen från undersökningarna av dagens 
monteringsarbete sattes ergonomiska produktspecifikationer upp och med 
  
 vi 
brainstorming genererades koncept som syftade till att lösa olika ergonomiska 
problem. Parallellt med detta identifierades även de krav som ställs på stativet utifrån 
produktens dimensioner och anläggningens förutsättningar för att utveckla en 
realiserbar produkt. De framtagna koncepten bestod av funktioner som stativet bör 
och önskas ha och tar ställning till aspekter som geometri, form, färg och stödjande 
utrustning för att underlätta för olika typer av arbetsställningar, undvika att stativet 
stör arbetet och förbättra monteringsmiljön. Koncepten utvärderades mot olika 
kriterier som baserades på de insamlade kundbehoven, vår kunskap och våra egna 
åsikter. En av de största ergonomiska svårigheterna ansågs vara hur montören tar sig 
in i hytten vid invändiga montage och därför fokuserades det fortsatta arbetet på detta. 
Ett användartest utfördes där trappor med olika steghöjder undersöktes för att kunna 
avgöra hur högt det optimala trappsteget i en hyttmontering är och hur osäkert det 
skulle upplevas att behöva arbeta på en viss höjd från marken. De långa montörerna 
föredrog i större utsträckning de högre trappstegen medan de korta föredrog de lägre 
steghöjderna. De flesta av testpersonernas åsikt var dock att det mest bekväma 
trappsteget var det som liknade ett standardtrappsteg men de var också överens om att 
det inte är att föredra om det resulterar i alltför många steg. Montörernas vardag 
präglas av att försöka minska gångtid och onödiga arbetsmoment i syftet att optimera 
produktionstakten och därför är många trappsteg inte önskvärt. Många trappsteg 
skulle också öka olycksrisken onödigt mycket i en redan hård arbetsmiljö. 
Slutligen användes produktspecifikationerna och resultaten från de olika studierna för 
att formulera rekommendationer för Scanias fortsatta utvecklingsarbete med 
monteringsstativet och även för att ge förslag på ergonomiska metoder att ha i åtanke 
under framtida utvecklingsprocesser som rör ergonomi och arbetsmiljö.  
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1 Introduction 
The opening chapter of this report presents the background of the thesis project and 
the defined aims, goals and limitations. The chapter also includes a description of the 
method applied during the thesis project. 
1.1 Background 
Scania is a global company producing trucks, busses and industrial and marine 
engines. The company has production units in Europe and South America and this 
thesis project is accomplished in collaboration with the cab manufacturing located in 
Oskarshamn, Sweden.  
When a cab is assembled it is transported on a continuously driven line, placed on a 
skid (see figure 1.1). Potential product changes, in combination with new process 
requirements, will require modifications to the skid used in the assembly process. 
Scania’s top priority is safety and consequently, a work environment where people 
can work until they retire is required. Therefore, the ergonomic aspect is vital during 
the development process of the new assembly skid. 
 
Figure 1.1 Cab standing on the assembly skid 
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1.2 Objective 
When introducing product changes a major challenge and opportunity will be to 
improve the human factors in the assembly process. A key factor is the design and 
functionality of the changed assembly skid. The aim of this thesis project is trying to 
improve the work environment for the assemblers and examine how it will be affected 
by different potential product changes. A large number of parameters have to be 
considered both regarding the production process and the product.  
The authors’ ambition of the thesis project is to realize a product development process 
regarding an essential tool from an ergonomic perspective. The main questions for 
this will be the ergonomic aspect of the assembly skid, what functionality that is 
required/wanted and how it shall be fulfilled.  
The goal of this thesis project is to identify the present and future potential problems 
and generate specifications and design concepts for a new, more ergonomically 
correct assembly skid.  
1.3 Limitations 
The main focus in this thesis project will be the ergonomic perspective of the 
assembly skid. Therefore, the authors will not focus on developing technical solutions 
and required 3D-models and drawings will be generated by technical references. A 
prototype capable of functioning is desired but due to the time limit of the thesis 
project (20 weeks) a prototype is not the major ambition.  
The thesis project will not consider any development of the existing assembly skid. It 
shall neither consider any scenarios regarding the tilt line (where the cab is rotated 
and does not stand on the skid); the tilt line will be considered as a black box for any 
potential benefits in the skid transfer process.  
1.4 Method 
The method applied in this thesis project for product development is selected parts in 
Product Design and Development by Karl T. Ulrich and Steven D. Eppinger [1]. This 
method was chosen because it involves detailed techniques to use in a product 
development process and considers interdisciplinary approaches including marketing, 
design and manufacturing. The method is a good tool aiming to facilitate problem 
solving and decision making, throughout the entire thesis project progression. In 
addition, further methods that are used are received from the chapter regarding 
methods in Work and Technology on Human Terms [2] and [3], for example 
techniques for observations and interviews. The process flow have a structure of six 
different stages (see figure 1.2) and succinct descriptions of these stages are presented 
next. 
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Figure 1.2 Process flow during the thesis project 
Project planning 
In the initial phase the opportunities and limitations of the assignment are defined in 
order to plan a structure of the thesis project. Milestones and decision points 
throughout the thesis project are being set and an initial time schedule is established. 
Available resources are investigated and the authors are introduced to the company 
and the assembly process in Oskarshamn. 
Identifying customer needs 
To obtain an understanding of the ergonomic problems in the cab assembly different 
types of observations, interviews and questionnaires are accomplished. To deepen the 
knowledge about ergonomics a specialist in the subject is consulted and the 
ergonomic standard, specific for the company, is being considered. Information about 
the assembly process, the factory and the cab body is also procured. Finally the 
assemblers, the main users of the skid, are asked about the collected needs and place 
them in order of importance. 
Product specifications 
The collected relatively subjective customer needs are in this phase translated into 
clearer requirements and desires, aiming to be the targets of the subsequent concept 
generation. To be able to establish a good structure of the specification the functions 
of the skid are ranked and evaluated. Further, the necessary requirements regarding 
the transportation in the assembly process, dimensions of the cab body and the 
sequence of the assembly tasks are collected as guidelines in the thesis project.  
Concept generation and selection 
To realize an effective concept generation it is essential that the problem is well 
clarified and it may help to break down the bigger problem into smaller sub problems. 
The concept generation phase is then carried through with the method called 
brainstorming. Selection among the generated concepts is done with Ulrich & 
Eppinger’s method concept screening [1].  
Concept testing 
The selected concepts are tested and analysed more deeply and evaluated with help 
from a number of assemblers. Technical experts are used to evaluate the feasibility of 
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the concepts and if a prototype can be realized, to develop technical solutions for the 
concepts.  
Evaluation and future work 
To summarize the thesis project and provide advice regarding future ergonomic 
design work, recommendations for further investigations are given. 
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2 Literature Review 
The literature review aims to obtain information and in-depth knowledge about the 
subject to support the process and the development work. Relevant articles, books 
and experts are consulted to achieve a current theory background. 
2.1 Ergonomics in the assembly process  
Even though ergonomics has been awarded with plenty of attention in industrialised 
countries throughout the latest years, work-related musculoskeletal disorders (MSD) 
are still a huge dilemma. There are a large number of factors that increase the risk of 
MSD such as work in extreme and static postures and different psychosocial 
conditions [4]. 
One of the big risks in assembly work is the repetitive tasks, generally performed with 
high pace. In addition, the work is often extremely controlled and performed as shift 
work. These are factors that increase the risk of pains, particularly in shoulders, arms, 
hands and neck, which figure 2.1 shows [5]. According to a study, the body parts 
mostly affected by MSD among automobile assembly workers in Iran are the feet 
followed by the low back and wrist/hand and are often increased with age and time of 
employment [6]. Assembly work in general is an occupation that involves high risks 
of strain injuries, and pains due to short repeated work tasks are three to four times 
more common among assemblers compared with other occupational groups [5]. But 
some other occupational groups have similar work-injury statistics, for example retail 
work [7].  
 
Figure 2.1 Statistics, work related MSD among assembly workers in Sweden 
(Authors’ translation) [5] 
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Working with high pace increases the risk of injuries and it has been found that non-
paced tasks are less stressful than machine-paced tasks [4] and [5]. A poorly 
performed organisation may as well enlarge the risks of MSD. The workers feel 
disappointed and the dissatisfaction may lead to reduced stimulation from work as 
well as an opinion of less possibility to affect their work. This may result in increased 
musculoskeletal disorders [4].  
In Sweden during 2003-06, three out of ten female assemblers declare that they have 
musculoskeletal pains compared to two out of ten men, as shown in figure 2.2. The 
women also have the highest reported repetitive strain injuries. The most common 
reason is considered to be the highly repetitive work [5].  
 
Figure 2.2 Statistics of pains due to physical load, short repetitive tasks, strenuous 
work postures and heavy manual handling (Authors’ translation) [5] 
2.2 Guidelines for ergonomic design   
There are several organisations worldwide that have given the ergonomic problems 
attention and elaborated standards for evaluation and designing from an ergonomic 
perspective for example, the European Committee for Standardization (CEN), the 
International Organization for Standardization (ISO) and the Swedish Work 
Environment Authority. 
The ISO 11226 recommends limits for static work postures while EN 1005-4 contains 
guidelines for designing machinery. These two standards demonstrate the importance 
of variation between different postures and avoidance of awkward postures, such as 
kneeling, crouching, sideward bending of the neck and the trunk, bent knee and raised 
shoulder [8].  
2 Literature review 
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The Swedish Work Environment Authority publishes directions for the employers to 
follow. The directions are elaborated from the Occupational Safety and Health Act 
and concern risks, psychological and physiological loads, hazardous substances or 
machinery [9]. 
2.3  Physical load  
The human body can be exposed to both external and internal forces. External forces 
cause passive stress on the tissues in the body and internal forces are generated by the 
individual herself. It is important to remember that transportation and positioning of 
the body also generates physical load. Physical stresses both full-body and local, may 
be the reason to injuries to the body’s tissues and organs [10]. 
Continuous load that lacks variety during a long time is referred to as static load and 
may, when fairly high, affect the blood circulation in a negative way [10]. It is 
frequently expressed as tiredness and pain from the musculature. Even very low static 
loads may cause problems if the body is exposed during a longer period. All loads 
may give rise to fatigue and pain [11]. This is often a premonition of that the body’s 
strength is decreasing and, sooner or later, you will have to recover. During recovery 
it is important that the muscles are fully relaxed. The character of the break 
determines the time it takes to recover, but there are no precise recommendations for 
how work verses rest should be performed since it is a very complex problem [10]. 
The monotonous work that exists at some industrial work places today may also 
produce mental fatigue which, among other things, means that your thoughts and 
decision-making get slow [10] and [12]. This in turn may lead to loss in productivity, 
need for rework and work-related injuries [12]. However, mental fatigue will in 
contrast to muscular fatigue, disappear as soon as the exhausting activity is terminated 
in some way [10].  
It is often said that higher levels of muscle strength, in heavier physical work, may 
protect the body against development of MSD. Then again during heavier physical 
work the risks of MSD in general increases. One of the most common injuries is 
various kinds of back problems [10]. The cause of what produces these problems in 
working life is not entirely explained but heavy lifting is a mayor risk especially if it 
is done with bent or twisted back [11]. The moment arm for the back musculature is 
very short (approx. 5 cm) and consequently the discs have to bear very large forces 
during lifts. Therefore, it is very hard to give engineers ergonomic guidance on the 
design of products and production systems but it is important to try to avoid regularly 
repeated bending forward or twisting of the body [10]. 
The concept of comfort is often used together with ergonomics but without any clear 
definition of what it stands for. Comfort includes a lot of parameters such as 
perceived relaxation and general well-being and this is primarily based on subjective 
factors. Therefore, it is more motivating to discuss the concept of discomfort. It is 
clear that discomfort is not a direct opposite to comfort since the absence of 
discomfort does not automatically lead to comfort. The first signs of discomfort 
should be seen as a signal that the work postures or work conditions have to be 
changed [10] and [13]. 
2 Literature review 
 
 8 
2.4 Physical design of workplaces and tools  
When designing workplaces and tools it is important to design for those who carry 
out the work. When using anthropometric data there are two possibilities, gather 
one’s own data or use available data in the literature. When the design task is about 
space the 95
th
 percentile is often used, which means that 95 % of the population will 
be able to fit and naturally work places should be designed so that both women and 
men can use it. However, different practical and economic limitations often mean that 
this is unfeasible [10]. A well designed workplace characterizes by enabling the 
worker to have an upright body posture, with shoulders lowered and with upper part 
of the arm close to the upper part of the body [11]. 
According to Hägg et al. [10] the following recommendations should be kept in mind 
when designing workplaces and tools to avoid stressed bodies. 
 Make it possible to vary the body posture as much as possible. 
 Avoid forward-leaning postures of the head and body. 
 Ensure that the upper arms are kept close to the body. Hands above shoulder 
height may only occur for brief periods. 
 Avoid twisted and asymmetrical postures. 
 Avoid body postures which mean that the joints must be fully extended for 
longer periods. 
 Use suitable back support in all seated jobs. 
 When using greater muscle power, the body part exerting the force must be in 
a posture which gives it the greatest force. 
 Avoid high pressure on sensitive soft tissue when support is in use [10]. 
The employer is the one responsible for, as far as possible, designing the work 
environment in a way so the employees are able to work in appropriate body postures 
and movements. It is also the employer’s responsibility to make sure that the 
employees have sufficient knowledge about body postures and movements. The 
employee shall get the opportunity to practice an appropriate working technique and 
the employer shall check up on that the instructions are applied. The employer shall 
also make sure that there normally does not exist repetitive, controlled or highly 
restricted work. The employees shall be able to influence the structure and 
performance of their own work in a way that they achieve enough movement 
variation and recovery [11].  
2.5 Cognitive ergonomics and usability  
The work in a complicated production environment puts heavy demands on the 
worker. The circumstances require the worker to filter several sources of information 
and to watchfully choose what information is the most important. This has later to be 
coordinated with experienced information and with action goals, and finally it shall 
result in proper response actions. Cognitive processes have been studied 
experimentally and from those it is known that humans are able to multitask but there 
are limitations and errors may occur. Factors that may influence these control 
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processes are interference from tasks that have to be performed at the same time or 
interference caused by actions from an earlier activity [14].    
When a new design is about to be carried out it is very important to consider the 
factor of cognitive ergonomics and user-friendliness to make the product 
understandable. Therefore it is essential to understand who the end user is and what 
role he or she plays in the process of designing. The designers often work as if they 
were the end users but this is incorrect. Designers become, during their work, very 
good in understanding their own product, while the users have knowledge about the 
task they wish to perform with the product. Professional designers generally know 
about this problem, but they are not the ones to design the products. A lot of products 
are designed by engineers, programmers and managers who do not have the 
appropriate knowledge about the user. There are some principles to keep in mind and 
in that way make the design assignment easier to accomplish [15].  
 Feedback 
The principle of feedback deals with giving the user information about what 
action that was actually done. This gives the user the opportunity to reflect 
over the action, if it was the correct one, and decide if he or she wants to 
continue. Feedback may be given as audio, tactile, verbal or as a 
combination. 
 Mapping 
Mapping aims to explain how two things relate to each other, for example 
how controls move and what the result of their movement is. To make the 
mapping easy to understand it is possible to utilize physical analogies and 
cultural standards: natural mapping. 
 Make things visible 
The more a product’s functions are visible the easier is it to understand what 
they mean and how to use them. It is important that the product has a visible 
structure. On the other hand, features that are irrelevant for the user should 
not draw attention and therefore, not be as visible as the relevant information.  
 Affordance 
Affordance is a term that includes the psychology of materials and things and 
how these are perceived. The affordance of a product shall give powerful 
hints about how the product works. 
 The knowledge in the world 
The user shall not need to keep all information to solve a task in the head, 
therefore it is recommended to use natural and cultural constraints. Natural 
constraints are decided by the physical properties of the products, while 
cultural constrains have been developed by society in terms of artificial 
conventions. Cultural constraints have to be learned but can, once learned, be 
applied at a great number of conditions [15]. 
2.6 Quality and ergonomics 
Obvious, ergonomic work conditions have a crucial impact on the physical and 
psychological health of the assembler and his everyday life. But the consequence of 
poor ergonomics is not only inappropriate work prerequisites, it also result in 
2 Literature review 
 
 10 
productivity and quality losses. Consequently, as shown in figure 2.3, these problems 
affect the final costs of the product due to, among other things, increased health-
related costs and costs regarding deficiencies of the final product [16].  
 
Figure 2.3 Consequences of poor product and process premises seen from an 
ergonomic viewpoint [16] 
The strong correlation between quality losses and poor ergonomic work conditions 
has been identified in a great number of studies [17]. Reports have shown that 
improvement of ergonomic conditions affects the productivity positively and poor 
ergonomic conditions entail 3-10 times as many quality inadequacies compared with 
work under ergonomically suitable work conditions [16]. In addition, approximately 
30 – 50 % of all quality shortcomings can be derived from ergonomic dilemmas. The 
factors that form the basis for a high product quality are considered to be the 
manufacturing process, the product and the work place combined with work postures, 
working motions and content and intensity of the work task [18]. 
Another study argues that there is a relationship between complex assembly and poor 
ergonomics, assembly time and costly and time-consuming errors. On the contrary, 
too low complexity of the tasks may lead to very monotonous and highly repetitive 
work [19]. 
Work conditions with poor ergonomics can influence the assembler to execute the 
task in an alternatively way than supposed to, aiming to avoid uncomfortable and 
painful body postures. This may, in turns, lead to distraction from the main task and a 
less accurate performance and therefore, result in a less qualitative outcome [17] and 
[18]. Psychosocial and organisational aspects, such as repetitive and monotonous jobs 
with status differences, modest work content and low motivation among the workers 
may also lead to quality deficiencies [18]. On the other hand, studies have shown that 
the opportunity for the worker to perform their assignments with high quality 
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increased job satisfaction [17]. Consequently, the work conditions influence the 
quality, as well as the quality influence the worker.    
To summarize, by eliminating ergonomic work problems in the production process 
there are a great number of benefits to gain: increased product quality, increased 
productivity, reduced amount of work-related disorders, increased health and comfort 
of workers and accordingly, large savings to make [16].   
2.7 Proactive design for ergonomics 
Ergonomics regulations have been in use for several years in many Swedish 
companies but, there are still problems to prevent the result of poor ergonomics 
before it is too late and work-related disorders already have occurred [19].  A study in 
a Swedish automotive industry demonstrated that 60-70% of MSD are due to product 
design and 30-40% due to the assembly process [16]. 
There are a great number of ergonomics standards specified by the European 
Standardization Organization and guidelines from the Swedish work environment 
Authority available [19]. However, studies have shown that design engineers 
remarkably often do not recognize or fully understand the consequences of 
inadequately designed products and workstations, due to lack of ergonomic 
knowledge and difficulties with applying ergonomic principles in new product and 
production design [16] and [19]. In addition, the costs for quality deficiencies caused 
by poor assembly ergonomics are hidden and the positive effects of appropriate 
ergonomic solutions are not seen until many years later after the production has 
started [16]. 
Problems related to the difficulties to implement ergonomics in an early phase of the 
development process may be that appropriate methods and tools to prevent poor 
assembly ergonomics not are available [19]. Ergonomic requirements are often 
generally written and are complicated to interpret and apply in a specific design 
situation by design engineers and the competence and time to use ergonomics 
guidelines are often missing [19] and [20]. Ergonomic requirements are usually seen 
as soft and vague and due to that, not high valued [19]. On the other hand, too 
specific requirements could prevent development and renewal [20].Today time and 
distance barrier separates designer, manufacturer, buyer and user and as a result the 
responsibilities and cost consequences are separated and the cross-functional 
cooperation between for example ergonomists and design engineers is absent [19] and 
[20]. Further, a fundamental problem may be found in the organizational context of 
the company if ergonomic goals and perspectives are allowed barely limited space, 
time and costs [19]. 
A successful approach to implement ergonomics is participatory ergonomics, where 
people from different areas within the company are involved in the problem solving. 
For example, assemblers participate in improving the ergonomic conditions at their 
work place and are able to influence their work tasks. However, this approach is not 
limited to improve workplaces and production systems, but it can also be applied as a 
participatory process in the early phase of product development. By bringing workers, 
design engineers, production engineers and ergonomic experts together to discuss 
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assembly problems and design issues, a more effective and ergonomic production 
process can be attained [21].  
During the product design development, it is of great importance to consider the 
ergonomic aspect of the product regarding tool design, workplace design, production 
organization and work organization as early as possible in the product development 
process. Because the closer it is to production start the more difficult and costly it will 
be to make changes of the new product [16]. To implement good ergonomics in the 
industry proactive measures are essential and these measures could include: 
 Clear and distinct ergonomic requirements should be defined very early in the 
project process. The requirements should enhance implementation and 
therefore, be easy to understand, apply and verify. 
 Following up of requirement fulfilment during the project.  
 Ergonomics specialists and assembly staff should be involved already in the 
initial phase of the project and increased cross-functional cooperation 
between project stakeholders is required, i.e. participatory ergonomics.  
 Effective feedback of what worked well and did not should be communicated 
between the assemblers and the design engineers already in the early phases. 
 Using proactive methods and tools to identify potential problems and risk 
factors. For example, virtual simulations tools of ergonomics in 3D, test 
assemblies and regular follow-ups concerning design solutions and problems 
in the factory. 
 Clarifying and demonstration of the relationship between ergonomics and 
quality and the relationship between final costs and poor ergonomics by using 
for example, profitability calculations and cost-benefit analyses.  
 Improved ergonomics competence and practical experience among design 
engineers. 
 Integrate and emphasise the importance of ergonomics and the methods to 
use into the design team and throughout the company [19] and [20]. 
Already 1990 a study showed, that using of computer graphics is necessary if 
ergonomics and work environment should be considered already in the planning 
phase of the development process. However, the CAD system has to contain 
anthropometrically correct and fully adjustable manikin models and the engineers 
should be able to use the manikins in their current CAD system [22]. Today 
simulations with computer manikins are commonly utilized by European and 
American automobile industry to predict ergonomic risks before the production starts 
[16].   
Further method to use is electromyography (EMG) that can be used to investigate for 
example, work tasks and working methods. The EMG measurement is accomplished 
by using surface electrodes and aims to analyse muscle activity and muscle exertion 
[2]. 
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2.8  Ergonomics at Scania 
Scania has a genuine improvement work to counteract both physical and mental 
fatigue and their vision is to create good health and eliminate accidents.  The 
company endeavour to build a work with varying tasks and postures and therefore the 
assemblers rotate between different positions and position standards (descriptions of 
how the tasks should be done) according to today’s best known ergonomic method. 
Scania has introduction education for assemblers with the focus to work 
ergonomically correct and follow-ups are done continuously.  
The company’s own ergonomic standard SES, which is a method adapted to paced, 
line-based assembly and is applied aiming to ergonomically evaluate work tasks. The 
method is originally developed by Saab Automobile AB and thereafter adjusted to 
Scania’s prerequisites and policy. The manual is based on Swedish laws regarding 
ergonomics and work environment and there are two objectives; SES Production and 
SES Design. The first one is used to identify and assess ergonomic risks of MSD in 
the current assembly process. SES Design is utilized in an early phase of the process 
to evaluate construction solutions from an ergonomic point of view and foresee the 
constructions’ impact on the assembler. The result of the assessment will form the 
basis for further measures aiming to create an optimal ergonomic assembly process. 
The SES-method is seen as a recommendation and screening tool and secondary 
analyses in collaboration with experts are accomplished when necessary [23] and 
[24]. 
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3 Identifying customer needs 
Identifying the customer needs is an important step to perform if the designers wish 
the users to utilize the future product [1]. When developing products for human 
beings it is important to study human behaviour. Often this means that several 
different kinds of studies must be performed to cover all aspects and get a satisfying 
final result [2]. Above all, the main user of the assembly skid is the assembler in the 
cab factory and the assembler is also the principal part in the ergonomic perspective. 
Therefore, to obtain an understanding of the ergonomic problems that may exist, this 
phase includes observations (both direct and participant), questionnaires and 
interviews involving the assemblers.  
3.1 Participant observation – unsystematic 
To achieve an understanding of how the assemblers work and their different kind of 
tasks observation is an excellent method [2]. Initial a participant observation was 
accomplished where the authors worked together with the assemblers and performed 
the same tasks to the best of their ability. The purpose of the observation was to 
obtain insight into the assembly process, try the different kinds of body postures that 
are required and observe the interaction between the assembler, cab and skid.  
3.1.1 Method 
The observation was carried out at two different lines during two days. The lines were 
selected by the supervisor to achieve an appropriate view of assembly tasks related to 
the skid. The observers (the authors) were stationed at one line each to receive 
different perspectives and notes were made of the experiences and thoughts after the 
two observation days were over.  
At the first line, the observer rotated between five positions. Assembling of for 
example floor cable harness, roof cable harness, tool lid and removal of door was 
accomplished at this line. At the other observed line, only one position during the two 
days was observed, aiming to learn this specific work task properly. At this line wall 
panels, entry handle, safety belts, carpets among other parts were assembled. 
3.1.2 Result 
After two days working as assemblers a deeper knowledge about the tasks and body 
postures was gained. At both lines a couple of positions require work in the inside of 
the cab and consequently require a step into the cab. Depending on the cab version, 
the height of this step could entail problems if it is too high. According to the 
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observer, as well as the other assemblers in the team, the bigger cabs are causing this 
problem today. On the other hand, in the small versions of cabs bending of the back 
forward is necessary. The observer also experienced difficulties regarding the step out 
from the cab, especially when certain quickness is essential. It is possible to crawl/go 
backwards or turn around. If the “turning-around” technique is used it could be 
difficult to take a step to the ground without jumping and as a result putting load on 
the knees. The knees are also used as support when assembling the interior. For the 
observer, this resulted in aching knees but using knee-protector facilitated the posture. 
Other body postures required at these lines are standing or squatting when performing 
tasks outside the cab. Only a few tasks are carried out on the outer back of the cab.  
3.1.3 Analysis 
The body postures that were experienced as critical and can be related to the skid are 
the problems concerning the step in and out of the cab, which result in loaded knees 
and risk to stumble. The work height, which in turn can be related to the height of the 
skid, could result in different kinds of non-neutral postures of the back, neck and 
shoulders. 
Due to the fact, that the participant observers are not used to physical and machine-
paced work required as an assembler, could have resulted in worse postures than 
supposed. At Scania a newly employed assembler is not expected to be able to work 
at the same pace as an experienced assembler, and if potential problems arise during 
work there are other resources for solving these issues. The pace is balanced and 
defined so the worker is able to work in an appropriate pace and without feeling 
stressed. However, time pressure and stressful situations could occur and can affect 
everyone, no matter the extent of experience, and independent of work position.  
According to Fredriksson et al. machine-paced tasks are more stressful than non-
paced tasks [4] which are common in this kind of assembly environment. Of course, 
psychosocial and personal conditions, among other things, can also influence the 
extent of stress and it is therefore difficult to relate stress to a specific work situation. 
In general, it is easier to stumble or fall if you are under time pressure and therefore it 
is of great importance to design a skid able to minimize injuries even if you are 
stressed. The optimal solution should result in being impossible to do wrong.  
3.2 Questionnaires 
To gather opinions from a large number of employees over a short time questionnaire 
is a good method to use [2]. Therefore, a questionnaire was composed and distributed 
to the primary users of the skid, the assemblers. This survey aimed to obtain a general 
view of their attitudes regarding the existing assembly skid and the ergonomics in 
their work place. 
3.2.1 Method 
The questionnaire was based on the experiences of the participant observations and 
other aspects assumed to be relevant for the study. The questionnaire included both 
questions with fixed alternatives or scales and open questions, see appendix A. It is 
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essential to write short and unambiguous questions to receive a manageable and 
reliable result [2] and accordingly the questionnaire only contained a few and rather 
easy questions for the assemblers to relate to (see appendix A). To receive as many 
answers as possible with a wide range of people with varying assignments the 
questionnaires was distributed to all the assemblers who are affected by the skid 
(seven out of ten lines in the assembly process).  
3.2.2 Questionnaire result 
The questionnaire resulted in 136 answers from seven lines and two teams, except 
only one team from one of the lines. In general, the assemblers had answered all the 
questions and also contributed with many valuable opinions. Almost 60 per cent of 
the assemblers claim that they experience repetitive strain injuries related to their 
work (see figure 3.1). Problems with back, shoulders and wrists dominated their 
answers (see figure 3.2) but the results varied between different lines. Note that the 
answers to this questionnaire do not relate to if the symptoms have been reported or 
not and they only concern the assemblers’ experience at the moment. 
 
Figure 3.1 Share of assemblers experiencing work-related injuries 
YES 
59,6% 
NO 
40,4% 
Do you experience any work-related  
injuries? 
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Figure 3.2 Body parts where assemblers experience work-related injuries 
As the entering/exiting of the cab is of immediate interest when developing the new 
skid, the assemblers were questioned about the existing situation (see figure 3.3). 
 
Figure 3.3 Experienced difficulty to enter the cab during assembly work 
It was also of interest to receive opinions if and how the skid’s physical appearance 
affects the assembly work (see figure 3.4). Some opinions were that the skid 
protrudes on the backside of some cab versions and therefore can be an obstruction.   
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How difficult is the entering of the 
cab? 
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Figure 3.4 Share of assemblers experiencing that the skid interfere with their work 
Finally, the assemblers were asked how the skid should be designed to facilitate their 
work and some opinions were that the skid should be higher, lower, adapted to the 
cab, not protruding, be vertically adjustable, be locked properly, be more uniform and 
have happier colours.  
3.2.3 Analysis 
The differences of the results between the lines can be related to the varying sorts of 
assignments and work postures. As expected, the issue regarding entering of the cab 
was not a problem for lines mostly assembling on the outside of the cab. Similarly, if 
the skid protrudes and disturbs the assembler it will mostly affect lines where 
assemblages are done on the backside of the cab. Nevertheless, the fact that more than 
one third of the assemblers think that the skid disturbs, is an aspect essential to 
consider. The high number of subjectively experienced repetitive strain injuries, 
proves the importance of good ergonomics and confirms the aim of this thesis project. 
In comparison with assembly work in general, this is not a sensational high number 
since the Swedish Work Environment Authority investigations regarding assemblers 
prove that approximately 60 per cent experience pains in shoulders, arms and wrists 
[5]. Important to mention, there are other aspects that could affect the respondents’ 
answers such as psychosocial conditions and individual attitudes and these conditions 
makes it difficult to assess the result.   
3.3 Direct observation- systematic 
To follow up the results of the participant observation and the questionnaires a direct, 
systematic observation was accomplished. A systematic observation is often carried 
out when the observer already knows what to observe and always with a clear course 
of action. Direct observation means, that the observer is physically present and 
therefore it is vital to be as careful as possible and not disturb the work environment 
[2]. The main purpose of the observation was to identify the body postures that may 
result in work injuries.  
YES 
36% NO 
64% 
Does the skid interfere with your work 
tasks? 
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3.3.1 Method 
The assemblers work according to carefully designed standards, to avoid the risk of 
work-related injuries. However, these standards may sometimes be relinquished 
depending on the individual. It should be pointed out, that the observers did not 
consider the standards or the potential divergence from these during the observation, 
because the focus was to observe human behaviour and the interaction with the skid.  
The observations were carried out at the four lines with the highest numbers of 
different work injuries during an equal amount of time, approximately one hour each. 
The observations were registered as free notes and all body postures that were 
considered as critical due to the guidelines from the Swedish Work Environment 
Authority [11] were listed. Specific tasks that the observers paid extra attention to 
were different techniques to get in and out of the cab and the risk of tripping on the 
skid while working.  
Questions that were kept in mind during the observation were: 
 What kinds of tasks are performed?  
 During which tasks is the assembler affected by the skid? 
 How often are these tasks performed?  
3.3.2 Result 
A number of critical body postures were identified, listed and investigated. The 
assemblers’ assignments included postures such as standing upright both stretched 
and twisted, squatting, kneeling and different tasks with the arms above the shoulders 
(see figure 3.5 and 3.6). 
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Figure 3.5 Observed body postures during assembly work. From top left: stretched 
and twisted, stretched and bended, arms above shoulders and the high step to entering 
the cab 
3 Identifying customer needs 
 
 22 
 
Figure 3.6 Observed body postures during assembly work. From top left: bending, 
squatting and kneeling. 
3.3.3 Analysis 
The observations showed that a great number of the assemblers’ assignments are very 
intense. The assemblers are frequently forced to work with their bodies in extreme 
positions and under time pressure. Working under time pressure contributes to the 
risk of getting repetitive strain injuries since the assemblers rather do things the fast 
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way instead of the ergonomic. There are also tasks in these extreme positions where 
the assembler needs to use strength, which also enlarges the risk of injuries.     
3.4 Incident reports and history 
To examine if there have been any incidents or accidents related to the skid, a search 
in Scania’s database of incident reports was performed with help from a work 
environment engineer at Scania. The research was also done to see if it is possible to 
associate the experienced work injuries to the registered incidents.  
3.4.1 Method 
To limit the research a time limit of five years back in time was chosen. The incidents 
and accidents were listed separately and categorized.  
3.4.2 Result 
The incidents were categorized in: 
 The cab was not locked properly to the skid 
 The assembler tripped on the skid 
 The assembler tripped in/out of the cab 
 The assembler got jammed in the skid 
 The cab nearly tipped over 
 The assembler got hurt on the way in/out of the cab 
 A screw got jammed between the skid and the line, the cab turned 
The accidents were categorized in: 
 The assembler got hurt on the way in/out of the cab, sprained the ankle 
 The assembler got jammed between the skid and the tool 
 The cab was not positioned correctly on the skid, the assembler got hurt 
 The assembler tripped on the skid, sprained the ankle 
3.4.3 Analysis 
The incidents and accidents reports corresponded quite well with the experienced 
work injuries, even though the numbers of reports were less than expected. There 
might be a number of unrecorded incidents and accidents due to for example; the 
afflicted assembler does not find the incident serious enough. Nevertheless, the result 
shows some critical issues regarding the skid such as the way it is locked against the 
cab, the risk of stumble on it and the risk of stumble when entering/exiting the cab.  
3.5 Interviews 
To obtain a deeper insight in the assemblers’ experiences and also reflect on the result 
of the questionnaires, interviews were conducted at the factory. An interview is a 
nuanced method of collecting people’s opinions, thoughts and reasoning and due to 
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that, interviews cannot be interpreted to conclusions about what a certain target group 
feels and thinks [2].  
3.5.1 Method 
Initially the purpose of the interviews was defined, to achieve a relevant and useful 
result. An outline of appropriate questions was drawn to steer the discussion, but there 
was also an opportunity to ask open questions during the interview to follow-up 
interesting answers (see appendix B for interview questions). This form of interview 
is known as semi-structured and contains both predetermined and spontaneous 
questions that result in both qualitative and quantitative answers [2].  
Since, interviews are highly time consuming, the number of interviewees was limited 
to eight assemblers at four different lines. The lines in question were chosen, because 
those assemblers had the highest number of work related injuries, according to the 
questionnaires. Six men and two women aged between 21 and 47 were interviewed. 
3.5.2 Result 
A great amount of opinions and thoughts were collected and new perspectives were 
found. In general, the assemblers experience the ergonomics at their work place as 
relatively good, but they pointed out that some work tasks and situations could be 
improved. The opinions about received education and information about ergonomics 
varied widely. The most strenuous factor was considered to be the stressful, 
monotonous and fixed structure of their daily work. The interviewees were asked 
about different sorts of work postures, how these affected the bodies and their degree 
of difficulty:  
To enter and exit the cab 
 Tall persons normally do not enter the cab while working. Instead they are 
standing bended in the doorway, which in turn can lead to inappropriate work 
postures affecting back, neck and shoulders.  
 When jumping out, the knees are loaded. 
 It is desired to not enter/exit the cab many times in a row. 
Bending and stretching postures  
 When working in the door opening you have to bend, stretch and pull in 
different directions and angles. 
 When working on the floor of the cab or in the ceiling, the back and neck are 
affected. 
 Bending over the skid is sometimes necessary.  
 You have to turn, stretch and at the same time put your weight against.  
Kneeling 
 When working on the floor or at a low height, kneeling is used to avoid back 
problems. 
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The risk to stumble on the skid 
 Sometimes the space around the cab is tight and therefore, it is easy to bump 
into the skid. 
 It is sometimes necessary to step between the skid’s beams. 
Other opinions 
 It is desired to be able to adjust the skid depending on the work task and the 
worker. 
 The skids of today are dirty, rusty and not hygienic for the assembler and the 
product.  
3.5.3 Analysis 
The most of the interviewed assemblers expressed a satisfaction of their work 
environment but still, there seems to be some potential improvements and work that 
could optimize the ergonomics in the assembly process. The overall experience of the 
interviews is that there are many opportunities to adapt the skid to the assemblers and 
consequently, avoiding the risk of work injuries, contribute to a pleasant work 
environment and in the end influence the assembler to do a high-quality work. These 
are factors that all affect each other according to Falck et al. [16]. 
3.6 Evaluation of assemblers’ needs 
To structure the further design work all the collected information, the raw data, have 
to be expressed the right way. Each description from the assemblers may be 
interpreted to a number of customer needs. It is important to express the needs at the 
same nuanced level as the statement was from the beginning. In this way the 
information loss is minimized [1].  
3.6.1 Method 
The statements and observations were translated to customer needs and expressed, as 
far as possible, in terms of what the product has to accomplish rather than what it 
should do. It was also attempted to express the needs in a positive way [1]. To 
structure the needs in relative importance, a multiple choice questionnaire was 
composed and handed out to the assemblers (see appendix C for questionnaire). Each 
need was tried to be expressed as a feature of the skid and the assemblers were asked 
to answer how desirable the feature was by choosing one of the following 
alternatives: 
 The feature is not desirable 
 The feature is not important, but I would not mind having it 
 The feature  would be nice to have, but it is not necessary 
 The feature is desirable, but I would manage without it 
 The feature is very important. I would not want to use the skid without it. 
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3.6.2 Result 
The needs that were considered among all the assemblers to be most important are as 
follows (in order of importance): 
1. The skid feels solid and secure 
2. The skid prevents work injuries 
3. The skid does not protrude and disturb the assembler  
4. The skid prevents uncomfortable work postures 
5. The skid influence me to do a better work 
The result on specific lines differed from the overall result and the order of 
importance as well. 
Finally the customer needs were identified and categorized as required or desired 
features (see table 3.1). 
Table 3.1 Customer needs, categorized as required or desired features 
The skid reduces the risk of work injuries R 
The skid does not stand in the way of the assembler and his tasks R 
The skid facilitates to avoid uncomfortable work postures R 
The skid feels solid and secure R 
The skid is suitable for all of the assemblers R 
The skid influences the assembler to do a good work R 
The skid contributes to a good work environment D 
The skid facilitates for the assembler to enter and exit the cab D 
The skid reduces the risk of errors D 
The skid is aesthetical attractive D 
The skid is visible D 
The skid is vertically adjustable D 
The skid contributes to higher quality D 
The skid is uniform D 
The skid is clean and hygienic D 
3.6.3 Analysis 
Since the assemblers’ opinions are both subjective and varying, and the skid is 
supposed to fit all the assemblers at the same time, the choice of just expressing the 
needs as required or desired was done.  
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As expected the assemblers prioritized features that deal with their work environment. 
The reason that the results varied between different lines may be linked to the fact 
that the assemblers are performing different tasks on different lines and consequently 
values the features different. The results may be directly connected to the way of 
work and the type of assembling. 
3.7 The product conditions 
The dimensions and properties of the product that will be assembled in the factory 
was another aspect to consider in this thesis project. This included research and 
analysis about what kind of parts the product is composed of and how they affect the 
dimensions and properties of the skid. It also entailed how the different items are 
planned to be assembled, in what sort of sequence and how these factors could affect 
work postures.  To obtain this information persons working with planning and 
preparation of the assembly process were consulted and the SES-analyses done at the 
factory were also investigated.  
3.7.1 Result and analysis 
The result gave a hint about work postures and the potential problems regarding 
specific parts in the assembly process.  
 Line A may be relatively varied with a mix of different work postures.  
 Line B may have a high number of assemblages inside the cab, which could 
result in a large amount of steps in and out.  
 Line C may be varied, but due to some assemblages kneeling could occur 
which is an inappropriate work posture and should be avoided. 
 Line D may have a great number of assemblages inside the cab and also 
many bended and stretched work postures on the floor.  
 Line E may have many assemblages at the front of the cab, which could be a 
risk for work postures with arms above shoulder height. 
 Line F may have a dilemma with an item that has to be assembled at an 
inappropriate height. 
3.8 The factory conditions 
The conditions in the factory were examined since they bound the design and 
dimensions of a new skid. This was performed by discussions with the department of 
logistics, the department of production and factory maintenance and other persons 
involved in the layout of the factory. There are a number of different types of 
conveyors, such as chain conveyors and vertical conveyors that have to be carefully 
considered. It is also vital to pay some attention to the different ways of transport 
outside the assembly process, for example that the skid should be able to be 
transported with fork lift trucks. 
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4 Product Specifications 
Product specifications are interpreted and established from the collected customer 
needs. The purpose of product specifications is to facilitate and provide guidance 
during the design and engineering work of the new product. The interpretation has to 
be done as accurate as possible and in the same time represent the customer needs; 
therefore the persons that set the specifications should have been deeply concerned 
with identifying the customer needs. The product specifications shall as far as 
possible be expressed in well-known practical metrics [1]. Since the main focus in 
this thesis project is ergonomics the needs are not easily interpreted to metrics. Most 
of them are linked up with human behaviour, and consequently the specifications 
become very subjective [1]. Even though the focus is the ergonomic requirements, 
other aspects also have to be considered. 
4.1 Ergonomic Specifications 
The ergonomic specifications were established from the customer needs collected 
from the assemblers since; the assemblers are the ones affected by the ergonomic 
conditions (see table 4.1). 
The measures were chosen after studying anthropometric data. Knee height was 
considered to be the maximum potential height of a step when entering and exiting 
the cab. Therefore the requirement regarding the height of the skid, e.g. the step 
height to enter the cab, was established to the knee height of a short woman. In that 
way even a very short person will manage to enter the cab. The maximum 
measurement of protruding parts was elected to the length of a forearm, 300 mm, to 
make it possible to keep the arms close to the body while working. For a good 
standing upright posture (see figure 4.1) the measurements 800-1250 mm was chosen, 
where 800 mm is the hip height, and 1250 mm is the shoulder height of a short 
woman [11].  
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Table 4.1 Requirements and desires of ergonomic specifications 
Requirements and Desires 
 
The skid facilitates for the assembler to enter and exit the cab (shall not be 
higher than 355 mm) 
R 
The skid does not stand in the way of the assembler and his tasks (The skid 
is not allowed to protrude more than the length of a forearm, 300 mm) 
R 
The skid facilitates for uncomfortable work postures (postures outside the 
box, kneeling or twisted and bended postures) 
R 
The skid allows a good upright work posture (800-1250 mm) R 
The skid feels solid and secure R 
The skid is easy to keep clean D 
The skid is visible D 
The skid is aesthetical attractive D 
 
Figure 4.1 Appropriate work heights [11] 
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4.2 Design specifications 
Naturally the skid shall be constructed in a correct way. The design specifications 
were established from the information obtained in consultations with technical 
experts. These requirements shall be considered:  
 The skid has good strength 
 The skid is adjustable to the different cab models 
 The skid is properly locked against the cab, so that the cab stands stable and 
solid on the skid 
 The skid is flat underneath 
 The skid gives access to the reference points on the cab, which are used for 
automatized assemblages 
 The skid is adjusted for the cab’s parts 
 The skid is adjusted for the size of the cab 
 The skid can withstand outdoor climate 
4.3 Factory specifications 
In order to keep the costs down and the time for implementing the new skid it is 
required that the skid fits today’s factory. The requirements were establish from 
information obtained in consultations with people involved in the factory layout. 
Therefore following requirements regarding the factory shall be considered: 
 The skid can be transported in today’s factory, including chain conveyors, 
vertical conveyors, roller conveyors, turntable conveyors and conveyor belts. 
(For example, for the sake of simplicity, the size could be the same as the 
existing skid) 
 The skid is compatible with the different sensors  
 The skid is manageable in the buffer stock 
 The skid can be transported with forklift truck 
 The skid is stackable 
 The skid prevents collision damage on the cab 
4.4 Analysis of Specifications 
The establishment of ergonomic requirements and specifications was not an easy task. 
A lot of the customer needs were very difficult to interpret to specific metrics and 
others conflicted with the technical demands. Hence, it is of greatest importance to 
consider ergonomic risks early in a product developing process. 
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5 Concept generation 
The concept generation phase initiated with breaking down the bigger problem into 
sub problems (se figure 5.1). This helped the authors to generate solutions for the 
large quantities of ergonomic aspects in the assembly process. The method that was 
used for the idea generation was Brainstorming.  
 
Figure 5.1 The main problem and the different sub problems 
5.1 Method  
The method Brainstorming was first described by Alex F. Osborn in his book Applied 
Imagination and has after that been widely used. The method consists of two 
principles and four rules. It is important that all involved persons are initiated with the 
rules and principles to get a successful session. The principles are Defer judgement 
and Quantity breeds quality and the four rules are Criticism is ruled out, Free-
wheeling is welcomed, Quantity is wanted, Combination and improvement are sought 
[25]. 
The brainstorming session was carried out by the authors and repeated aiming to find 
all potential ideas and to maintain an iterative process. The ideas were both sketched 
and described with words. Finally the different ideas were combined to different 
concepts. 
5.2 Result 
The brainstorming sessions resulted in ten different concepts with the purpose to 
solve varying ergonomic problems (see table 5.1). 
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Table 5.1 Concepts generated by brainstorming 
5.3 Analysis 
The brainstorming phase can always be performed one more time to try to generate 
even more ideas. In this case the brainstorming might have been advantageous of 
other people’s opinions, for example the assemblers. Due to the time limit and the 
difficulties to gather people, the authors chose to go on with the developed concept 
since they were considered as good enough. 
 
Concept  
1 The skid contains stairs, handles and a pillow for resting the knees against. 
The skid does not extend beyond the cab more than the length of a forearm 
and is constructed of big, robust beams. 
2 The skid contains stairs, rails and a tool to support against. The skid 
extends beyond the outside edges of the cab and is constructed of light, 
thin beams. 
3 The skid contains a ladder, handles and an integrated chair. The skid does 
not extend beyond the outside edges of the cab and is constructed of big, 
robust beams. 
4 The skid has a footboard/platform, handles and a tool to support against. 
The skid does not extend beyond the outside edges of the cab and is 
constructed of big, robust beams. 
5 The skid contains a lift and a pillow for resting the knees against. The skid 
extends beyond the outside edges of the cab and is constructed of big, 
robust beams. 
6 The skid contains a slide, rails and a tool to support against. The skid 
extends beyond the outside edges of the cab and is constructed of light, 
thin beams. 
7 The skid contains a ramp, rails and an integrated chair. The skid does not 
extend beyond the outside edges of the cab more than the length of a 
forearm and is constructed of light, thin beams. 
8 The skid contains a mattress, handles and a tool to support against. The 
skid does not extend beyond the outside edges of the cab and is constructed 
of big, robust beams. 
9 The skid contains a lift with a seat and a pillow for resting the knees 
against. The skid extends beyond the outer edges of the cab and is 
constructed of light, thin beams. 
10 The skid is vertically adjustable. 
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6 Concept selection 
After the brainstorming phase the concepts are evaluated with the method concept 
screening, described by Ulrich & Eppinger [1]. 
6.1 Method  
Concept screening is used for rapidly reduce the number of concepts. The first step is 
to prepare a matrix with the concepts and the criteria that the concepts will be 
evaluated with [1]. The criteria were based on the customer needs and opinions from 
others involved in the thesis project. One concept is chosen as a reference, in this case 
today’s solution was chosen, which all the other concepts are rated against. Every 
concept was rated as “better than” (+1), “same as” (0) or “worse than” (-1) the chosen 
reference. 
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6.2 Result 
The result of the concept screening phase is shown in table 6.1. 
Table 6.1 The result of concept screening 
 Concepts 1 2 3 4 5 6 7 8 9 10 
Selection Criteria  
         
 
Usability  1 1 1 1 -1 0 1 0 -1 1 
Durability  -1 0 -1 0 -1 0 -1 -1 -1 0 
Ease of handling in the present 
factory 
 
-1 -1 0 -1 -1 -1 0 -1 -1 0 
Safety  1 1 -1 0 -1 -1 -1 -1 -1 -1 
Preventing of work injuries  1 1 1 1 1 1 1 0 1 1 
Ease of manufacture  -1 -1 -1 0 -1 0 -1 0 -1 -1 
Flexible design  -1 -1 -1 1 1 -1 -1 -1 -1 1 
Hygiene & ease of cleaning  -1 0 0 0 -1 0 0 -1 -1 0 
 Net score -2 0 -2 2 -4 -2 -2 -5 -6 1 
 Net score 
without 
pillow 
0 0 -2 2 -3 -2 -2 -5 -5 1 
 
The pillow-solution for resting the knees was not considered to be durable enough 
and affects the ease of cleaning and a new net score was therefore calculated. All 
chair-solutions need joints and suchlike, which reduces the durability. The idea of a 
skid smaller than the cab will not work in today’s factory and is therefore not 
practicable. The concept screening showed that concept number 1, 2, 4 and 10 were 
the best for further development. 
6.3 Analysis 
It was difficult to evaluate the ergonomic concepts since there are big differences 
between them and the complexity is very varying. Some of the eliminated concepts 
have functions that are necessary and may be implementable and should for that 
reason be kept in mind during the development of the final concept. 
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7 Concept design 
This chapter of the thesis project presents what functions the final concept should 
contain. All functions are aiming to solve different ergonomic problems. 
7.1 Proposed design 
The concept generation and selection resulted in a list of required and desired 
functions aiming to specify the final concept. These functions were based on a 
combination of the chosen concepts and other applicable functions obtained from the 
concept generation.   
The final concept should include the following functions: 
 Folding footboard/landing or stairs or/and be vertical adjustable 
 Handles or banisters 
 Be as small as possible and not protrude more than the length of a forearm 
 Have supporting surfaces 
 Show that it is locked in a visible way 
 Protruding parts should be well visible 
 Good contrasting colour 
 Uniform design 
 Easy to keep clean 
In addition, features the skid is desired to have: 
 Rounded edges 
 Few parts 
 Covered parts (All protruding parts could be covered, so they could work as 
platforms and to avoid stumbling on the skid’s framework)  
Sketches that visualize these functions were made and are shown below (see figures 
7.1-7.10).  
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Figure 7.1 Retractable step 
 
Figure 7.2 Cab with stairs, banisters and covered parts 
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Figure 7.3 Retractable step with a pedal to use for the retraction 
 
Figure 7.4 Skid with two retractable steps and banisters 
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Figure 7.5 A simple foundation structure of the skid showing covered and rounded 
parts  
 
Figure 7.6 A skid with two retractable steps and a pedal to use for the retraction 
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Figure 7.7 Cab on skid with covered parts 
 
Figure 7.8 Skid with two retractable steps, banisters and covered parts 
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Figure 7.9 Supporting surfaces that the assembler can use for resting body parts or 
equipment on 
 
Figure 7.10 Skid with contrasting colour and warning tape on protruding parts 
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8 Concept testing 
Due to the time limit of this thesis project, all the required and desired functions 
cannot be analysed and tested. One of the main problems and the issue easiest to 
influence regarding the skid is: the entering and exiting of the cab. Therefore, 
different sorts of stairs are analysed, tested and compared with a vertically adjustable 
skid solution.  
8.1 Theory regarding stairs 
Literature was examined and experts were consulted intending to obtain a 
comprehension about stairs and guidelines regarding safety and ergonomics.   
8.1.1 Recommended dimensions of stairs 
To be able to use stairs in an easy and secure way the inclination, the design of the 
steps and other measures have to be adjusted to the stairs’ application. The Swedish 
Work Environment Authority presents some guidelines: 
 
 A suitable minimum depth of step is usually 250 mm and accordingly, a 
maximum step height of 175 mm.  
 
 Stairs that are higher than three step heights normally needs banisters and 
these should be placed at a height of 900 mm, measured from the step nose. 
The banisters work both as a support and to stop a fall.  
 
 Stairs should have a minimum width of 800 mm. 
 
 Protection against falling is best done with banisters if the height of fall 
exceeds 500 mm [26]. 
 
Figure 8.1 shows the “riser-tread formula” which could be used to measure suitable 
step heights and step depths [27].  
                
Where r = the height of the step, g = the depth of the step 
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Figure 8.1 The riser-tread formula 
8.1.2 Impact on the body when walking in stairs 
The energy consumption increases when the assembler moves his entire body weight 
from one level to another. Acceptable assessment is a vertically movement of 600 
mm per minute, as a maximum, to avoid tiredness [23]. The energy consumption is 
the same with or without stairs, because the transportation of mass is not different 
[28].  
Walking in stairs give rise to flexion, extension and loading on the knee joint and hip 
joint. Extension is the joint’s stretching out from the body, while flexion regards 
flexing of the joint towards the body. Flexibility of knee joint for normal walking is 
70˚ flexion, while walking in stairs is 90˚ flexion. Accordingly, flexibility of hip joint 
for normal walking is 40˚ flexion and 10˚ extension and 60˚ flexion when walking in 
stairs. The loading on the knee joint is 2-3 times the body weight for normal walking 
compared with 3-4 times the body weight when walking in stairs. Regarding loading 
on the hip joint, normal walking gives rise to 4-7 times of the body weight. For 
walking in stairs upwards corresponds to 5 times the body weight and downwards to 
3 times of the body weight. Furthermore, increased velocity results in increased load 
[29]. 
When exiting the cab an appropriate technique to use, is stepping down on the 
footboards backwards, especially when the steps are high. Also when the step depth is 
not sufficiently deep, backward walking is safer to avoid the risk of stumbling. On the 
other hand, fan-shaped stairs could be difficult to use backwards, due to poor 
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visibility [29]. Jumping out of the cab should be avoided, because the landing phase 
of the movement can affect different body joints, due to inappropriate force levels 
about seven times body weight. This may result in MSD and a potential risk for the 
worker to slip and fall [30]. 
8.1.3 Factors important to consider when entering/exiting a cab 
When consulting Ingrid Svensson [28], a work environment engineer, following 
guidelines were emphasized: 
 It is very important to be able to use something to grab, like a rail or handle, 
when entering or exiting the cab. This is aiming to heave yourself up with 
your arms and relieve the pressure on knees and hip. Rails also improve the 
safety, because increased height results in increased risk to fall and stumble. 
It is optimal if the grab-rail could be assembled as early as possible and be 
used to help the assembler in and out of the cab.  
 It is difficult to define a standard regarding the step in and out, due to the fact 
that this transportation can vary in many ways. But it is better to take small 
steps if it is done in a natural manner. The stairs’ standard (step height of 175 
mm) is modelled on the measure of a step most naturally to take, which make 
you mentally prepared for it. If the heights are higher or lower than 175 mm, 
there is higher risk to stumble. Accordingly, the same risk occurs when the 
height between the steps is varying. Strive for a normal step and design the 
step height as close to 175 mm as possible. 
 It is more appropriate using two small steps instead of one giant step. But the 
minimum height is measured to 120 mm to be able to make space for work 
shoes. On the other hand, too many steps will involve more factors to focus 
on and may result in repetitive work (at an extreme case). Many steps will not 
affect the loading on the body, but it will increase the safety risk. If this is the 
case, it is better to have fewer higher steps than add another small step.    
 The stairs should not have inclined planes. The footboards should have 
smooth surfaces including good friction aiming to avoid to get stuck or slip. 
Grating construction should be avoided and good lighting is necessary. 
 In this case, the width of the stairs is not relevant. But concerning the safety, 
it is more decent to have space for both feet instead of only one foot, 
especially when exiting the cab.  
 The recommended step depth of 250 mm is measured to fit a big foot 
including some extra space and it is important to receive sufficiently 
supporting surface for the foot.  
 No extra landing in front of the door way is necessary. 
 The assembler should use shoes that support the ankle joint to avoid 
spraining. 
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 If it is feasible, an assembler could stand in the cab, while other assemblers 
supply with items and tools, aiming to avoid too many steps in and out of the 
cab [28].  
Finally, an important condition for safety is that the assembler does not need to carry 
equipment or tools, while entering/exiting the cab. The assembler must have free 
hands and be able to grab handles or suchlike [29]. 
8.2 Usability test 
A usability test was conducted to assess the concepts from the customer’s perspective 
and decide which one is the most user-friendly. A concept should be tested on 
potential users in the target market aiming to gather valuable opinions and thoughts 
about possible improvements of the concepts. Concept testing is not necessary to all 
development processes, for example, if the cost and time of the test is large relative to 
the life cycles of the product [1]. However, the skid developed in this thesis project 
will probably be in use during several years and the development cost and time are 
huge relative to the test. Therefore, concept testing was an applicable and meaningful 
mission in this early phase of the product development.  
The purpose of the concept testing was to evaluate different kinds of stairs containing 
varying step heights aiming to assess which is the most optimal height. Questions that 
were desired to be answered were: 
 How much effort is used in the different concepts? 
 What part of the body is stressed? 
 Which step height is the most pleasant? 
 Are more steps more preferable than one step? 
 How could the concepts be improved to better meet customer needs? 
 Is the solution containing stairs desired? 
 Finally, for which one of the concepts should development continue? 
If a skid with stairs is a future solution, the steps must be collapsible to not disturb the 
assembler when working. However, the collapsible function could not be tested 
during this test due to its technical complexity.   
8.2.1 Method 
A concept test should reflect the target market for the product [1] and therefore, this 
test was conducted in the factory with assemblers normally working with the skid. 
Desirable selection of the assemblers would be a mixture of different body lengths 
and include both men and women. Due to the time limit and the fact that the 
assemblers needed to leave their current work, only a small group could be tested. 
Nevertheless, this group was considered to mirror the target group sufficiently aiming 
to obtain relevant answers. In addition, a general guideline is that 5-6 respondents are 
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enough to find 75-80 % of all user problems and a higher number of test subjects do 
not necessarily result in larger amount of identified problems [2]. 
The format used in this test was face-to-face interaction, which means that the authors 
interact directly with the potential users [1]. Three stairs concepts (see figure 8.2) 
were built out of wood in full scale and placed beside the doorway of a cab. The 
height which the cab was placed on, e.g. a possible future height of the skid was 
elected in purpose to test what a higher height would entail since it may, in some 
cases, contribute to a better standing upright position for the assembler. The grab-
rails, which primary are used by the cab driver, was mounted in the cab and the usage 
of these were also observed. 
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Figure 8.2 The stairs used in the usability test 
 
8 Concept testing 
 
49 
The concepts were presented for a group of assemblers and one respondent at a time 
physically tested each prototype. The respondent was told to use the stairs as he/she 
was in a work situation to achieve a realistic test. The assembler entered and exited 
the cab a few times to assess the stairs potential, which took approximately ten 
minutes in total for each assembler. After each test was conducted the respondent 
answered two questions: How strenuous was the test? Which parts of the body was 
subjected to discomfort? The first question was answered by using Borg CR-10 scale 
for subjective assessment of sensory intensity (see table 8.1) [31]. The body map was 
then utilized to indicating where a sensation was felt (see figure 8.3) [32].  During the 
tests, the techniques used by the assemblers were observed. Finally, after all tests 
were done, a discussion was held with the assemblers aiming to gather thoughts, 
desires and opinions regarding the concepts and evaluate which one of the presented 
concepts that was the most optimal. 
Table 8.1 Borg CR-10 scale for subjective assessment of sensory intensity [31]  
 
Borg CR-10 scale 
0 Nothing at all  
1  How you feel sitting or 
simply standing 
2 Weak  
3 Moderate How you feel when you 
walk or exercise 
4   
5 Strong  
6   
7 Very strong How you feel when you 
really push yourself 
8   
9   
10 Extremely strong  
 All out effort You’re unable to go on 
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Figure 8.3. Body map used by subjects to indicate the location of discomfort [32] 
8.2.2 Result 
Six assemblers, both men and women, tall and short, (from the main assembly 
process) participated in the usability test. All six assemblers tested all three types of 
stairs. The general opinion was that concept number one was the most comfortable 
one and consequently least straining, but if the action has to be done all day it will be 
a great number of steps. The step heights of stairs number two and three was 
experienced as too high except for the taller assemblers. The extra landing on stairs 
number two, just outside the door opening, was not favourably received as they 
thought that they came up too high and then had to bend the back to avoid knocking 
the head, while entering the cab. The advantage of stairs number three was considered 
to be that it is the smallest one and has the fewest steps. However, most of the 
assemblers wished to use the grab-rail to enter and exit the cab. Stairs number three 
may also be used as support during assembling inside the cab since; the assembler can 
reach the ceiling without fully entering the cab.  
All stairs were considered to be unsafe and the assemblers were certain that there will 
be incidents. Handrails may contribute to safety but will also be in the way and the 
way in and out of the cab will be more controlled. Under time pressure there is a risk 
of stumbling on the steps or to get stuck between them, and the more steps the higher 
risk. The time pressure may also push the assembler to skip steps which contributes to 
the risk of stumbling. 
The body parts that the assemblers experienced stress on were front thighs and knees, 
calves, front of the lower part of the legs, the back of the thighs and the seat. During 
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testing stairs number one and two they experienced stress on lower, middle and upper 
back. 
8.2.3 Analysis 
Most of the assemblers thought that stairs number one was the most comfortable one 
but pointed out that the fewer steps the better. It is important that the future function 
is easy to use because otherwise the assemblers will skip it due to the time pressure. 
After discussions with the test persons the authors agreed on that the best solution 
was a two-step solution, which is similar to concept two but without the landing. 
However, it is recommended to test this on the assemblers to make sure that this is the 
case. A stair-solution will always increase the risk of incidents and therefore a risk 
analysis should be realized as well.  
8.3 Comparison between skid containing stairs and vertically adjustable 
skid 
To compare these solutions all the assemblages were analysed regarding their 
positions on the cab and the work postures they could require. Three scenarios, one 
containing stairs and two containing vertically adjustable skid, were evaluated aiming 
to find the solutions’ advantages and potential problems.  
8.3.1  Scenario 1: Skid containing stairs, height - approx. 780 mm 
Scenario 1 is a skid containing collapsible stairs (see figure 8.4) and the cab stands on 
the height of 780 mm during the entire assembly process.  
 
Figure 8.4 Cab standing on a skid containing stairs 
Advantages 
The foremost advantage having stairs is that this solution enables the assembler to 
enter the cab at the height of 780 mm. This height also results in a more appropriate 
work height for assemblage on the floor of the cab, if they are possible to reach when 
standing in the door opening. The assembler can also use the stairs as a support when 
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working in the ceiling, especially if the worker is tall. In addition, assemblages on the 
lower outside of the cab are better to accomplish at a higher height. 
Disadvantages 
The stairs are in the way when the assembler needs to stretch into the cab or is 
working in the door opening. Certainly, the stairs should be collapsible but when 
there is a mix of both entering the cab and working in the door opening, this will lead 
to adjusting the stairs in and out very often. In addition, too much walking in stairs is 
not an optimal ergonomic solution due to the fact that this is a great strain on the 
knees.  
Some parts could be difficult to assemble because they are supposed to be positioned 
very high on the outside of the cab where the stairs not can function as a support.  
8.3.2 Scenario 2: Vertical adjustable skid, two heights - approx. 500 mm & 
780 mm 
Scenario 2 is a vertically adjustable skid with two heights (see figure 8.5). The cab is 
standing on the height of 500 mm on the first lines and will then be heightened to 780 
mm. The measure of 500 mm is defined aiming to avoid that some parts of the cab 
body will go down into the foundation structure of the skid. The foundation structure 
consists of the lower part of the skid that is used for fork-lift trucking.  This height is 
not necessarily required, but if changes of these parts occur in the future, this may 
lead to a remake of the foundation structure.  
 
Figure 8.5 Cab standing on a vertically adjustable skid with two heights 
 
 Height approx. 500 mm, Line A, B & C 
Advantages 
This solution will not result in any conflict between entering the cab and work tasks 
standing in the door opening. Accordingly, in comparison with the stairs, this skid 
does not interfere with the assembler or the assemblage. Otherwise, the assembly 
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situation will look like today, due to the fact that this height is quite similar to the 
height of some of today’s cab versions.  
Disadvantages 
500 millimetres is still a high step to take and not an optimal height for the assembler. 
Items mounted on the cab’s lower outside will be worse and lead to bended work 
postures or kneeling/squatting. However, this could be avoided if the work tasks are 
accomplished standing on the floor below the conveyor belt.  
 Height approx. 780 mm, Line D, E & F 
Advantages 
This is an appropriate work height for assembling standing in the door opening and 
for items mounted on the lower outside of the cab.  
Disadvantages 
Assemblage on the inside and on the higher outside of the cab will, more or less, be 
impossible to execute.   
8.3.3 Scenario 3: Vertical adjustable skid, two heights - approx. 400 mm & 
780 mm 
Scenario 3 is also a vertical adjustable skid with two heights, but with the lower 
height at 400 mm. The height of 400 mm is the minimum height to circumvent that 
the side plates of a cab version touch the floor. Disregarding the parts mentioned in 
scenario 2, this solution could be realized. Nevertheless, the cab could not be 
transported by a fork-lift truck at the position of 400 mm.  
 Height approx. 400 mm, Line A, B & C 
Advantages 
To enter the cab, the height of 400 mm is easier and less strenuous than 500 mm. 
Therefore this is a better solution, when entering the cab is necessary at many 
positions. It could also facilitate assembling items at levels in line with arms standing 
upright for example, the entry handles.  
Disadvantages 
The same situation like scenario 2; problems will occur when an assembler is working 
inside of the cab while standing outside, and therefore is using stretched and bended 
work postures.  
 Height approx. 780 mm, Line D, E & F 
Identical advantages and disadvantages with Scenario 2 due to the same height and 
conditions.  
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8.3.4  Analysis 
Stairs would facilitate for the assembler to enter and exit the cab, especially at lines 
where the board step not yet is mounted. Nevertheless, the work will be repetitive and 
strenuous for the knees irrespective of having stairs or not at one line, where there are 
an extremely high number of assemblages inside of the cab. A recommendation is to 
separate all assemblages that could be accomplished in the door opening from the 
assemblages that require entering of the cab, this to avoid interference and the need to 
pull the stairs back and forth.  
To avoid the stairs’ complications it is preferable to have a vertical adjustable skid. 
But if the lowest height possible to reach is 500 mm this will not result in any greater 
improvement than today’s situation. Certainly, this height is working relatively good 
today, but the extremely high number of assemblages inside the cab at one line is 
alarming since, it could result in an extremely high number of steps in and out. The 
lower height of 400 mm is obvious a better solution but it is still a complex question 
to evaluate which height is the most optimal for the assembler. If the skid has to be 
raised to 780 mm already at an early line all items inside or on the higher outside of 
the cab will be impossible to accomplish. The second board step could facilitate 
entering/exiting if mounted earlier than at Line F, but when this board step only is 
placed on one cab version this is not a solution that improves the other cab versions.   
A potential solution could be a vertically adjustable skid with a low first level to 
facilitate for the assembler to enter and exit the cab. To be able to work at the higher 
level, all items that have to be mounted on the inside of the cab and on the higher 
parts of the cab, need to be transferred to the lines where the skid is lower.  
Finally, board steps and entry handles (components of the cab) should be mounted as 
early as possible to support the entering and exiting of the cab, regardless of applied 
solution.   
8.4 Prototyping 
A prototype capable of functioning was desired by the company, but the authors were 
not supposed to generate technical solutions, drawings or 3D-models of the skid and 
therefore, could not influence this phase and its progression. In addition, it become 
apparent during the thesis project that the assignment was more complex than 
assumed and a number of factors regarding the skid and production process have to 
be evaluated before a prototype could be realized.  
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9 Future work and recommendations 
This chapter will describe what aspects that should be considered during further 
development of the skid and how to manage with future product development from an 
ergonomic perspective. 
9.1 Guidelines 
The development of a new assembly skid from an ergonomic perspective was a 
complex problem. A great number of aspects were considered to achieve the optimal 
solution, which should result in the impossibility for the assembler to do wrong. The 
recommended solution for further development should include the following 
functions: 
 Folding footboard/landing or stairs or/and be vertical adjustable 
To be able to enter and exit the cab one of these alternatives, or a 
combination, is a vital function. The authors recommend a combination; a 
vertically adjustable skid with two or more positions and where the skid is too 
high, a skid-integrated stair-solution should exist to be able to enter the cab. 
In addition, the board steps should be mounted as early as possible to support 
the entering and exiting of the cab. 
 Handle or banisters 
It is important for safety that the assemblers have the opportunity to hold on 
to something but also for relieving the pressure from the knees and hips. One 
solution would be to assemble the grab rails early in the process since they 
can be used as handles.   
 Be as small as possible and not protrude more than the length of a forearm 
The skid should not stand in the way for the assembler and his tasks and 
therefore it is important to keep the size of the skid as small as possible. The 
assembler shall never be forced to work in an uncomfortable work posture 
due to protruding parts of the skid. 
 Have supporting surfaces 
The skid offers surfaces to stand on and supports the work tasks. 
 Show that it is locked in a visible way 
To make sure for the assemblers that the skid is properly locked against the 
cab the locking function should be visible. It is important that the assembler 
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experiences his work environment as safe. This could be done with a 
coloured part of the skid that is hidden when the cab is positioned the right 
way. 
 Protruding parts should be well visible 
The covered protruding parts should be well marked, for example with black 
and yellow warning tape. This will cognitively help the assembler to avoid 
stumbling on the skid.  
 Good contrasting colour  
To help the assemblers to distinguish the skid against the environment the 
skid shall have a good contrasting colour which is easy to observe. The 
authors’ suggestion is Scania griffin red (RGB: 212, 0, 38) 
 Uniform design 
For the ease of manufacturing but also for the cognitive aspects the skid shall 
be understandable for the assembler. 
 Easy to keep clean 
The assemblers shall not be forced to work with dirty skids both because of 
the health aspect and the ambition of a good work environment. Further, dirty 
skids may contribute to a dirty cab which a customer not appreciates.  
Further on it is desired that the skid contains the following functions: 
 Rounded edges 
There should not be any sharp edges on the skid to avoid injuries. The authors 
as well suggest all protruding parts to be rounded or with no sharp corners. 
 Few parts 
For the ease of manufacturing the skid should contain few parts. To make the 
skid easy to understand and improve the cognitive ergonomics, the mapping 
is an important factor and therefore it is suggested to make the skid as simple 
as possible.  
 Covered parts 
The existing protruding parts could function as platforms to stand on if they 
are covered, in contrast to today. This will facilitate for assemblages 
positioned high on the outside of the cab and also reduces the risk of 
stumbling on the skid. 
The position of all assemblages should preferably be evaluated more accurate against 
ergonomic aspects. There are a great number of different techniques of different 
complexity that could be used. The technique used in this thesis project with Borg’s 
scale of subjective assessment of sensory intensity and body map, is an easy way to 
get a quick perception of the experienced intensities. An effective way to study 
different work tasks and methods is to use electromyography, EMG [2]. This method 
could be used to study the difference between the analysed minimums heights of a 
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vertically adjustable skid, 400 verses 500 millimetres. Notably, this is a method that 
requires competence. Another technique would be to do simple biomechanical models 
and calculate the torque in different joints. However, it is important to gather the 
valuable ideas and opinions of the assemblers due to the fact that they are the 
everyday users. A way to evaluate the assemblages in an early phase when no 
prototypes are available is manikin simulation. 
It is essential to remember that other solutions regarding the work methods could 
contribute to the work situation. The work tasks should be as varying as possible to 
avoid uncomfortable static work postures. If it is unavoidable with a large quantity of 
assemblages inside the cab, maybe it should be considered to have one assembler 
positioned in the cab and the others to serve him with the necessary objects. To the 
greatest possible extent the assembler should not be required to carry equipment when 
entering or exiting the cab. This aims to avoid any kind of distraction, cognitive as 
well as physically.  
It is important to be aware of the problems that can arise when implementing good 
ergonomic conditions. Ergonomists and other experts should form interdisciplinary 
teams and be involved in an earlier phase. The ergonomic thinking has to permeate all 
levels in the organization and not be centred to a specific division. 
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10 Discussion 
Ergonomics in the industry is a subject that attracts much attention and studies but 
still there are a great number of problems to solve to create an optimal work 
environment. One of the big risks in assembly work is musculoskeletal disorders 
(MSD) that occur due to extreme and static postures and repetitive tasks performed 
with high pace. Working as an assembler is naturally a physical exacting work that is 
a condition the workers are fully aware of. Nevertheless, work-related injuries and not 
being able to work until retiring age is unacceptable and therefore ergonomic 
improvements are a constantly work in progress.  
The aim of this Master Thesis was to improve the assembler’s ergonomic conditions 
by developing a new assembly skid. The focus was therefore to investigate the 
assembly work environment, work tasks and work postures and also to analyse how 
these would be affected by potential product changes. A large number of parameters 
had to be considered to identify what functionality is required and desired and 
generate specifications and design concepts to solve the ergonomic issues in the 
assembly process.  
To identify the ergonomic problems and what kind of improvements that could be 
done with a new assembly skid, the main users were observed, interviewed and given 
questionnaires. The investigations revealed that 60 per cent of the assemblers 
experience that they have work-related injuries and the problems primarily regard 
back, shoulders and wrists. According to the Swedish Work Environment Authority 
assembly work is an occupation that involves great risks of strain injuries and their 
investigations regarding assemblers prove that approximately 60 per cent experience 
pains in shoulders, arms and wrists [5]. 
The observations executed in the assembly process showed that a part of the used 
work postures are ergonomically inappropriate for example kneeling, squatting and 
twisted postures. These conditions prove the importance of ergonomics and confirm 
the aim of this project. The literature review showed that the consequences of poor 
ergonomics not only affect the workers it also results in productivity and quality 
losses and consequently, the final costs of the product. Therefore, ergonomics is a 
vital aspect to consider for companies in the industry. 
The assembly process is complex and affected by many different factors including for 
example, the product, the factory and the organisation as well as the working 
methods, work tasks and workers. Therefore, to embrace all aspects that can influence 
ergonomics are a huge assignment not able to be solved during twenty weeks. Even 
though limitations was done to channel the thesis project it is difficult to treat the 
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assignment as an independent task and not consider all other potential influences. 
However, the methods used in this thesis project to identify customer needs (e.g. 
observations, questionnaires and interviews) supplied a good understanding of the 
conditions in the factory. It had been desirable to execute more interviews and 
distribute more extensive questionnaires, but since these are time consuming methods 
that depend on other people, this could not be accomplished during this thesis project. 
Furthermore, the questions in the questionnaires and the interviews could have been 
expressed differently to achieve a more objective result.  
The overall experience of the assembly situation was that there are many 
opportunities to adapt the skid to the assemblers and consequently, avoiding the risk 
of work injuries, contribute to a pleasant work environment and in the end, influence 
the assembler to do a high-quality work. However, the ergonomically inappropriate 
issues that can be related to the skid were concluded to be the entering/exiting of the 
cab, unsuitable work heights and the risk of stumbling. Therefore, the concept 
generation focused on finding functions that would make the assembler able to enter 
and exit the cab without stumbling or causing loaded knees, make the assembler able 
to work at different heights without using bended or twisted postures and avoid that 
the assembler is distracted by the skid or obstructed by its protruding parts. The final 
solution aims to, as far as possible, fit all types of human beings and facilitate for the 
assembler physically as well as cognitively. 
Finding solutions for the issue regarding to be able to enter and exit the cab appeared 
to be a very complicated problem. Due to the specific situation and the fact that the 
transportation can vary in many ways, it is not easy to assess and evaluate what would 
be the optimal condition for the assembler. There are no explicit guidelines 
concerning the optimal step to take in an assembly environment. The workers length 
and the numbers of steps necessary to take within a certain time period also affect the 
ergonomic outcome. The opportunity to develop a skid containing stairs aiming to 
enhance the prerequisite was discussed, analysed and physically tested with 
assemblers. As expected and confirmed by theory the stairs with step heights close to 
the standard of 175 mm, is the most comfortable for walking. However, in the 
assembly situation efficiency is an essential factor that may not be improved by being 
required to take many steps in stairs. Therefore, a potential solution for the assembly 
process would be stairs containing fewer and higher steps even though this is not 
optimal. The solution containing stairs was then compared with a vertically adjustable 
skid aiming to facilitate for assemblages necessarily accomplished inside of the cab. 
The lowest possible height for a vertically adjustable skid is limited and defined by 
certain parts of the cab body. The higher height necessary to reach, defined by certain 
items of the product, could lead to dilemmas if certain assemblages must be mounted 
inside of the cab. Therefore, the decisions regarding how and when different items 
should be assembled must be accurately well-founded. Once again, the very many 
factors interfere with each other and show the complexity of developing a skid from 
an ergonomic perspective.  
Experienced in this thesis project and stated in the literature, implementing 
ergonomics in the product development process is an intricate assignment. Due to the 
fact that assembly conditions may become impaired by the properties of product 
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changes confirms the importance of proactive design for ergonomics. Ergonomic 
requirements are often complicated to interpret and apply therefore, appropriate 
methods and tools to prevent poor assembly ergonomics must be available and 
workers, design engineers, production engineers and ergonomic experts must join 
their forces to attain a more effective and ergonomic production process. The chosen 
product development method by Ulrich and Eppinger is easy and effective to use but 
can be hard to apply on ergonomic development processes due to the subjective 
aspects and the complexity of human beings. An optimal work environment with 
healthy workers and high-quality outcome cannot be obtained without a 
multidisciplinary approach and the distinct ergonomic goals and perspective have to 
permeate all divisions within the company. 
The focus of this Master Thesis has been to identify current and potential future 
problems, formulate requirements and find possible solutions in the form of functions 
of a new assembly skid aiming to contribute to an ergonomic assembly process. The 
journey of the skid continues and hopefully this Master Thesis has provided the 
necessary foundation for Scania to develop a new ergonomic assembly skid. 
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11 Reflections on our work 
The authors have learned to independently realize a development process in a big 
organisation. At the same time the thesis project has deepened the authors’ knowledge 
in different ergonomic subjects and how a complex product is affected by this. 
Naturally, an understanding about how the production process functions and all 
factors that need to cooperate to make it work have been achieved. Finally, the 
authors have got a new picture of how complex ergonomic problems are and how 
difficult it is to fully integrate ergonomics in existing processes.  
To establish a better general view, in an earlier phase, of what type of resources 
within the organisation that was required for accomplishing the project would have 
made the development process easier. To delimit the assignment more from the 
beginning may have facilitated the task, but since it was needed some time to 
understand the complexity, it is difficult to say how it should have been done. 
Finally, the authors consider that the competence and problem solving skills achieved 
during the education have been applied and utilized in this thesis project. 
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Appendix A: Questionnaire 
Enkät om Ergonomiskt stativ 
 
Hej! Vi är två studenter som gör exjobb här på Scania och jobbar med att ta fram ett 
nytt hyttstativ. Fokus i vårt arbete ligger på ergonomi och att förbättra er arbetsmiljö, 
därför skulle vi bli glada om ni ville svara på några frågor. 
 
1. Lider du av arbetsrelaterade förslitningsskador? 
o Ja 
o Nej 
Om ja, 
o Knän 
o Rygg 
o Axlar 
o Handleder 
o Nacke 
o Annat 
 
 
2. Hur svårt är det att ta sig in i hytten under arbete? 
1=lätt    5=svårt 
 
1 2 3 4 5 
 
3. Upplever du att stativet som hytten står på är i vägen vid ditt arbete?  
o Ja 
o Nej 
Om ja, på vilket sätt? 
_____________________________________________________________________
_____________________________________________________________________
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_____________________________________________________________________
_____________________________________________________________________
____________________________ 
 
4. Hur fysiskt påfrestande är montering inuti hytten?  
1=inte påfrestande   5=mycket påfrestande 
 
1 2 3 4 5 
 
5. Hur skulle du vilja att stativet såg ut för att underlätta ditt arbete? 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________ 
 
 
Tack!! 
Hälsningar Lena & Sofie 
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Appendix B: Interviews, questions 
1. Hur länge har du jobbat som montör på Scania? 
  
 
 
2. Vad har du jobbat med innan? 
 
 
 
3. Här på Scania, hur länge har du jobbat på samma line? 
 
 
 
4. Med samma arbetsuppgifter? 
 
 
 
5. Hur ofta byter man position på denna line? 
 
 
 
6. Vad tycker du om ergonomin på din arbetsplats? 
 
 
 
7. Har du fått någon information/utbildning i vilka arbetsställningar som är 
lämpliga i ditt arbete? 
 
 
 
8. Vad är mest påfrestande i ditt arbete? 
 
 
9. Hur upplever du följande moment? Hur jobbiga? Var belastar de kroppen?  
 
- Kliva in i hytten 
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- Kliva ur hytten 
 
- Sträcka sig in i hytten utifrån dörröppningen 
 
- Arbeta bakom hytten vid små hytter 
 
- Snubbelrisk på stativet 
 
- Arbeten långt ner som kräver knästående 
 
- Arbete utanför ovanför axlarna 
 
 
10. Fler specifika arbetsmoment som upplevs jobbiga? 
 
 
 
11. Har du några arbetsskador? Hur länge har du haft ont? Gör du någonting åt 
det? Rehab/medicinering? 
 
 
 
12. Upplever du att hytten står ostadigt på stativet? 
 
 
 
13. Upplever du att stativet är i vägen för ditt arbete? På vilket sätt? Hur ofta? 
 
 
 
14. Vad önskar du skulle vara annorlunda? 
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Appendix C: Evaluation questionnaire, 
assemblers’ needs 
Hej! 
Ta ställning till nedanstående funktioner för ett nytt hyttstativ. Kryssa i rutan för det 
påstående som stämmer bäst med din åsikt.  
Tack! /Lena & Sofie 
 
Stativet känns stabilt och säkert 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet påverkar mig att göra ett bättre arbete 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet förhindrar obekväma arbetsställningar 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
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Stativet är höj- och sänkbart 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet syns bra mot annan utrustning och omgivningen 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet sticker aldrig ut och är i vägen 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet har ett trevligt utseende 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet förhindrar arbetsskador 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
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□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet har ett inbyggt hjälpmedel för att underlätta att ta sig in och ur hytten 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet gör arbetsmiljön trevligare 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
Stativet är rent och fräscht 
□ Funktionen är inte önskvärd. 
□ Funktionen är inte viktig men det gör mig inget om den finns. 
□ Funktionen skulle vara bra att ha men den är inte nödvändig. 
□ Funktionen är väldigt önskvärd, men jag klarar mig utan den. 
□ Funktionen är väldigt viktig. Jag skulle inte vilja använda stativet utan denna 
funktion. 
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Appendix D: Distribution of work between the 
students and thesis project schedule 
Since both students have been living and working together in Oskarshamn during the 
time for the Master Thesis all work tasks have been divided equally. To confirm that 
both students achieved the same insight and understanding about the project and its 
different parts all studies and research were executed together. The further work with 
concept generation, concept selection and usability tests have been performed the 
same way since the students considered that they in that way more easily would cover 
all aspects. Naturally, there may be differences between what the two students have 
contributed with, but since they have been sharing desk it is difficult to exactly 
describe each person’s tasks. The report has, as well, been written in close 
collaboration and was fair distributed. 
The students have been assisted by the prototype workshop at Scania in Oskarshamn 
in the manufacturing of the prototypes examined in the usability test. For the rest the 
students have executed the described work by themselves. For planned project 
schedule and actual outcome see figure E1 and E2. 
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Figure E.1 Planned project schedule 
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Figure E.2 Actual outcome 
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